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Introduction

38
The contamination of water supplies is a growing cause of environmental and health 39 concern. The US Environmental Protection Agency's (US-EPA) National Water substance abuse [2] . The ability to monitor VOC's at low levels in environmental 48 waters will greatly facilitate the study of their possible effects on human health.
49
As VOC's are typically present at very low concentrations (i.e. in the range of ng·L . However, these detection limits are still too high for the accurate determination 55 of VOC's in natural waters. A report by the US Geological Survey [7] showed that only 56 in ~19% of the ground-water samples analyzed in aquifer studies (from 3,498 wells) 57 was it possible to detect the presence of one or more VOC's at an assessment level of 58 200 ng·L -1 but this increased to ~51% (from 1,687 wells) when a method with a 59 detection limit of 20 ng·L -1 was used.
60
The current trend is to develop methods that are not only more sensitive, but which are 61 also fast, reproducible, accurate, automated, environmentally friendly, and portable for 62 on-site use [8, 9] . In-tube or in-needle sorptive extraction methods are approaches based 63 on dynamic headspace (HS) that have been developed to overcome the relatively limited 64 concentration capacity of SPME [10] . Needle-trap devices (NTD's), summarized details static [9, 19, 20] . In all these studies, benzene, toluene, ethylbenzene and xylenes
76
(BTEX) were the target compounds and real samples were rarely evaluated [18] [19] [20] .
77
In the present study we have evaluated and compared the behavior of NTD's for the give poor reproducibility [15] . Automatic sampling is therefore recommended for NTD.
124
A syringe pump (New Era Pump System Inc., Farmingdale, NY, USA) was used to pull 125 headspace samples through the NTD's at a fixed flow rate of 2 mL·min -1 ( Figure 1 ).
126
For the evaluation of the different sampling methodologies, we used a fixed 5 mL headspace air was drawn into the NTD after equilibration. In (iii), the NTD was placed 134 in the headspace during the thermostated equilibration process allowing the gases 135 generated to diffuse freely through the NTD (as in a passive sampler). In (iv), the NTD 136 was placed in the headspace and a purging needle was guided to a nitrogen gas 137 reservoir. A constant N 2 purging flow of 6 mL·min -1 was maintained during the process.
138
The headspace was allowed to move through the NTD by the overpressure generated in 139 the vial.
140
Different approaches as to how to transfer the desorbed sorbents into the GC column II, Thermo Scientific) was used.
156
The injector (desorption) temperature was maintained at 300ºC to ensure complete and given in bold in Table 1 . 
242
A second parameter evaluated was the equilibration time required to obtain the 243 maximum sensitivity. It was found that times of around 90 min were required to obtain 244 the maximum headspace concentration (see Figure 2 in Supplementary Materials),
245
which is excessive for routine analysis. Moreover, it was found that precision was poor 246 at larger equilibration times (RSD's ≤15% at 30 min, ≤24% at 60 min and ≤30% at 120 247 min).
248
Continuous mixing is an effective way to decrease the time needed for equilibration . 
269
The desorption process also resulted in increased breakthrough at large sampling times 
295
The same desorption mechanism described in previous sections was found with PT- 
301
. Repeatability experiments were performed by analyzing three independent sample 302 vials at 0.6-1.1 g·L -1 for each compound. As can be seen in Table 3 , RSD's obtained 303 when purging at 50ºC were higher than those at 33ºC. Moreover, repeatability values 304 were independent of the purging time when thermostating at 33ºC but were strongly 305 dependent at 50ºC, as can also be observed by the larger error bars obtained at the 306 longer purging time in Figure 4 . These results agree with those obtained by Eom at al.
307
[9] using sequential purge-and-trap sampling with an NTD. These authors found that no 308 breakthrough occurs for BTEX at 23ºC, but that breakthrough for benzene took place at 309 temperatures ≥40ºC, and for toluene at ≥60ºC.
310
Taking into account the mechanism involved with these sampling methodologies, it is 311 recommended either to sample at low temperatures or cool the needle-trap during the Table 4 shows the figure of merits obtained in these experiments (see Table 1 in Recoveries, repeatability and reproducibility were evaluated with the mixing HS-NTD 343 method (Table 5) . Samples obtained at the effluent of the tertiary treatment from one of 344 the WWTP's and fortified at the levels indicated in Table 5 were used for these 345 measurements. Recoveries were obtained after the analysis of a WWTP sample before A c c e p t e d M a n u s c r i p t 13 and after fortification using the same NTD (n=3 n-butylbenzene, which gave a 50% recovery.
354
The analytical "life" of an NTD was evaluated. It was found that it strongly depends on Table 6 shows the minimum and maximum concentrations found in each WWTP at the 367 different sampling points. Those VOC's that were not detected in any sample (1,2-368 dichloropropane, chlorobenzene, 2-chlorotoluene, and 4-chlorotoluene) have been left 369 out of Table 6 .
370
Although these are preliminary analyses to confirm the applicability of the needle-trap were only detected in the natural stream.
388
The results obtained confirm the applicability of the needle-trap methodology and show 389 that all samples presented levels of VOC's that were below regulated levels and in
390
accordance with environmental quality standards [22] . In the case of wastewaters, 391 toluene, the compound found at the highest level (11.13 g·L 
397
For surface and drinking waters, the levels of toluene detected agree with those found in 398 the literature (usually <0. M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 
